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(57) ABSTRACT

A crucible heating apparatus includes a crucible, a metal
barrel around the crucible, a heating wire wound between
the metal barrel and the crucible, a measuring unit for
measuring the position of the liquid level of a material in the
crucible and a controller, and the apparatus is characterized
in that the heating wire includes at least two subsections
arranged along the longitudinal direction, and the controller
controls the heating power of each subsection respectively,
thus dividing the crucible into at least two corresponding
temperature control zones. In such a manner, by disposing a
plurality of subsections of the heating wire and the corre-
sponding temperature control zones of the crucible, the
temperature of each position of the crucible is accurately
controlled. A crucible heating method is also provided.
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1
CRUCIBLE HEATING APPARATUS AND
METHOD

FIELD OF THE INVENTION

The present disclosure relates to crucible heating appara-
tus and method with an improved temperature control func-
tion.

BACKGROUND OF THE INVENTION

A crucible is a utensil or a melting tank made of an
extremely refractory material, such as clay, graphite, porce-
lain clay, quartz or infusible metallic iron. The crucible is
generally a ceramic deep-bottom bowl-like container. A
crucible is often used when solid objects need to be heated
over heavy fire, as it can bear a higher temperature compared
with glassware. During the use of a crucible, a crucible cover
is generally obliquely placed on the crucible to prevent the
heated substance from splashing and allow air to freely get
in and out for possible oxidation reactions. The crucible is
generally held on a pipeclay triangle for direct heating over
fire due to its small bottom. The crucible may be placed on
the pipeclay triangle vertically or obliquely, according to
experimental needs. The heated crucible can not be imme-
diately put on a cold metal desktop, in case it would be
broken due to drastic cooling.

FIG. 1 shows a zinc furnace with a crucible in the prior
art. The zinc furnace includes a furnace body 1. A hearth 2
is arranged in the furnace body 1, and a furnace pot 6 is
arranged on the upper part of the furnace body 1. Further-
more, an electric furnace plate 3 is arranged at the bottom of
the hearth 2, while a heating wire 4 is arranged in the inner
cavity of the hearth 2. With reference to FIG. 1, the lower
part of a crucible 5 in the hearth 2 is in contact with the
heating wire 4, while the upper part of the crucible 5 is
located at the bottom of the furnace pot 6. A heat preserva-
tion layer 7 is arranged in the furnace body 1 outside the
hearth 2. A thermocouple 8 penectrates through the heat
preservation layer 7 and the wall of the hearth 2 with one end
located in the hearth 2 and the other connected with a control
cabinet 9.

When heated with the cubicle, a material could be evapo-
rated till being completely consumed, and the total quantity
of the material is determined by the volume of the crucible.
However, the crucible heating apparatus used in the prior art
generally adopts an integral heating system, wherein the
temperature difference over the crucible stays constant. In
this case, the bigger the crucible is, or the longer its
longitudinal length is, the more difficult it is to control the
temperature difference. Meanwhile, when used for evapo-
ration, the crucible leads to certain defects, such as non-
uniform melting along the radius of the crucible, rate insta-
bility caused by a sudden boiling associated with the length
of the crucible, material pyrolysis caused by slow heat
conduction inside the material, etc.

Accordingly, although related heating apparatuses and
methods in the prior art are able to monitor the temperature
in the furnace, i.e. the crucible, through a monitoring ele-
ment and adjust the temperature through an external con-
troller, the temperature control device, which is relatively
simple, can only roughly adjust the temperature in the
crucible on the whole, leaving the problems of non-uniform
heat transfer and thus non-uniform temperature distribution
unsolved. Moreover, as the temperature control device in the
prior art controls the temperature in the crucible on the
whole, the temperature of each zone of the whole crucible
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2

can not be controlled exactly. Local temperature abnormities
due to the limited number of sampling points may lead to
misjudgment of the temperature control device, thus causing
heating failure and even dangerous accidents.

SUMMARY OF THE INVENTION

As mentioned above, there are still certain defects in the
prior art. Related heating apparatuses in the prior art have
relatively simple temperature control devices, and related
temperature control methods are also relatively simple,
wherein the temperature in the crucible can only be roughly
adjusted on the whole, leaving the problems of non-uniform
heat transfer and non-uniform temperature distribution in the
crucible unsolved. Moreover, the temperature control device
integrally controls the temperature in the crucible in the
prior art, and thus the temperature of each zone of the whole
crucible can not be finely controlled. Local temperature
abnormities due to the limited number of sampling points
may lead to misjudgment of the temperature control device,
thus causing heating failure and even dangerous accidents.

When the crucible is used for heating, a material could be
evaporated till being completely consumed, and the total
quantity of the material is determined by the volume of the
crucible. The bigger the crucible is, or the longer the
longitudinal length is, the more difficult it is to control the
temperature difference. Meanwhile, when used for evapo-
ration, the crucible leads to certain defects, such as non-
uniform melting along the radius of the crucible, rate insta-
bility caused by a sudden boiling associated with the length
of the crucible, material pyrolysis caused by slow heat
conduction inside the material, etc.

To solve the problems in the prior art, the following
factors need to be considered:

firstly, the crucible can not be too thick, for the tempera-
ture of the material close to the wall of the crucible is higher
and the temperature of the material away from the wall of
the crucible is lower, thus causing non-uniform melting;

secondly, when the material is melted, the melted portion
can not be too far from the liquid level, otherwise, bubbles
in the material are difficult to discharge in short time, thus
causing a sudden boiling;

thirdly, the transverse or longitudinal temperature differ-

ence in the crucible can not be too high, otherwise, the
material with relatively low evaporation start tempera-
ture and pyrolysis temperature would be easily cracked.

Therefore,

Temperature of material =

Heating value of coil — Heat loss of contact transfer —

Heat loss of crucible

Specific heat of material X Shape parameter of crucible’

Accordingly, the present disclosure proposes crucible
heating apparatus and a corresponding method. In the pres-
ent invention, a plurality of independent temperature control
zones are provided, with each separately controlled in a
specific manner. In this way, the control is more accurate,
and the probability of accidents is greatly reduced.

The present disclosure proposes crucible heating appara-
tus. In embodiment 1, the apparatus includes a crucible, a
metal barrel placed around the crucible, a heating wire
wound between the metal barrel and the crucible, a mea-
suring unit for measuring the position of the liquid level of
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a material in the crucible and a controller, and the apparatus
is characterized in that the heating wire includes at least two
subsections arranged along the longitudinal direction, and
the controller controls the heating power of each subsection
respectively, thus dividing the crucible into at least two
corresponding temperature control zones. In such a manner,
by disposing a plurality of subsections of the heating wire
and the corresponding temperature control zones of the
crucible, the temperature of each position of the crucible is
accurately controlled. Furthermore, the defects of non-uni-
form melting of the material, sudden boiling and even
pyrolysis of the material and the like, which can not be
solved in the prior art, may be effectively avoided, thus the
material filling quantity of the crucible is increased, the
frequency of opening the cavity is reduced, and the utiliza-
tion rate of a machine stand is improved.

In embodiment 2 improved according to embodiment 1,
the coils of the heating wire are uniformly distributed in the
longitudinal direction. In this case, the controller can be
conveniently provided with corresponding controlling pro-
grams, thus avoiding possible program bugs.

In embodiment 3 improved according to embodiment 1 or
2, a metal covering member is arranged at a first end of the
metal barrel, and a metal layer or a heat insulating layer is
arranged at an opposite, second end of the metal barrel. This
solution effectively prevents the heat in the crucible from
escaping into the ambient environment.

In embodiment 4 improved according to any of embodi-
ments 1 to 3, the crucible is cylindrical in shape, and the
diameter of the crucible is less than 10 cm. If the crucible is
too thick, the temperature of the material close to the wall of
the crucible would be higher, and the temperature of the
material away from the wall of the crucible would be lower,
which would result in non-uniform melting. Therefore,
preferably, the diameter of the crucible is designed to be less
than 10 cm.

In embodiment 5 improved according to any of embodi-
ments 1 to 4, the measuring unit includes a gravity sensor
located beneath the crucible or a Cygnus system. The gravity
sensor may be arranged below the crucible, and the reduced
volume of the material is monitored through the gravity
sensor, so that the position of the liquid level is acquired. On
the other hand, the evaporation rate, the evaporation time
and the evaporation region can be processed using the
Cygnus system to calculate the quantity of the evaporated
material, as a result of which the position of the liquid level
can be acquired.

The present disclosure also proposes a crucible heating
method, including the following steps: (a) providing the
crucible heating apparatus according to the present disclo-
sure; (b) placing the material to be evaporated into the
crucible; (c) setting the initial heating powers of different
subsections of the heating wire respectively; (d) evaporating
the material and monitoring the position of the liquid level
of the material in the crucible through the measuring unit;
and (e) adjusting the heating powers of the different sub-
sections of the heating wire according to the position of the
liquid level of the material, till the material is evaporated to
a desired degree.

Preferably, the heating wire is provided with more than
ten subsections, and the temperature difference within a
single temperature control zone corresponding to each sub-
section is controlled within 2° C. Thus, the longitudinal
temperature difference can be flexibly controlled, as a result
of which excessive longitudinal temperature difference can
be prevented.
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Further preferably, the evaporation behavior is monitored
through a Cygnus system, the time period required for the
liquid level to decline by 10% is acquired, and the heating
powers of all the subsections of the heating wire are changed
within the time period to adapt to the decline of the liquid
level. Thus, rate instability of an evaporation source due to
sudden change of power can be prevented.

Further preferably, the heating powers of some subsec-
tions of the heating wire are adjusted according to the
current evaporation rate to ensure the stability of the evapo-
ration rate.

Further preferably, the following adjustment is performed
in step (e):

when the surplus of the material is between 90% and
100%, the position below 70% of the crucible is heated,
wherein the bottom of the crucible is heated to the melting
point of the material, the position of 70% is heated to the
evaporation start point of the material, the temperature of the
position between the bottom of the crucible and the position
of 70% successively rises from bottom to top, and the
temperature control zone of the position between 70% and
100% is kept in a state that the temperature successively
rises from bottom to top and the temperature difference does
not exceed 15° C.;

when the surplus of the material is between X % and
(X+10)%, the position below (X-20)% of the crucible is
heated, wherein the bottom of the crucible is heated to the
melting point of the material, the position of (X-20)% is
heated to the evaporation start point of the material, the
temperature of the position between the bottom of the
crucible and the position of (X-20)% successively rises
from bottom to top, the temperature control zone of the
position between (X-20)% and (X+10)% is kept in a state
that the temperature successively rises from bottom to top
and the temperature difference does not exceed 15° C., and
the temperature of the position above (X+10)% equals to
that of the position of (X+10)%, and wherein X is 30, 40, 50,
60, 70 and 80 respectively;

when the surplus of the material is between 10% and 30%,
the bottom of the crucible is heated to the evaporation start
point of the material, wherein the temperature control zone
between the bottom of the crucible and the position of 30%
is kept in a state that the temperature successively rises from
bottom to top and the temperature difference does not exceed
15° C., and the temperature of the position above 30%
equals to that of the position of 30%, and

wherein the above percentage designates the volume
percent of the quantity of the material to the volume of the
crucible.

In this way, when the material is melted, the melted
portion is not too far from the liquid level, and bubbles in the
material are quickly discharged, as a result of which sudden
boiling is effectively avoided. Meanwhile, the transverse or
longitudinal temperature difference in the crucible would not
be too high, thus the material with relatively low evaporation
start temperature and pyrolysis temperature can be effec-
tively evaporated without a pyrolysis of the same.

The apparatus and the method according to the present
disclosure can effectively avoid the defects of non-uniform
melting of the material, sudden boiling and even pyrolysis of
the material etc, which can not be solved in the prior art, thus
increasing the material filling quantity of the crucible, reduc-
ing the frequency of pening the cavity and improving the
utilization rate of a machine stand.

The above-mentioned technical features may be com-
bined in various appropriate manners or substituted by
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equivalent technical features, as long as the objective of the
present disclosure can be fulfilled.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will be described in more detail
below based on merely nonfinite examples with reference to
the accompanying drawings. Wherein:

FIG. 1 shows crucible heating apparatus in the prior art;

FIG. 2 shows an example of crucible heating apparatus
according to the present disclosure; and

FIG. 3 shows another example of the crucible heating
apparatus according to the present disclosure.

In the drawings, the same components are indicated by the
same reference signs. The accompanying drawings are not
drawn in an actual scale.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The present disclosure will be introduced in detail below
with reference to the accompanying drawings.

FIG. 2 shows a crucible heating apparatus 20 according to
the present disclosure. The crucible heating apparatus 20
includes a crucible 21, and the material to be evaporated is
placed in the crucible 21.

The apparatus 20 further includes a metal barrel 23
around the outside of the crucible 21 and a heating wire 22
wound between the metal barrel 23 and the crucible 21. The
heating wire 22 is configured to heat the crucible 21 and the
material to be evaporated inside the crucible 21. The tem-
peratures of different positions of the crucible 21 are deter-
mined by heating values of adjacent heating coils of the
heating wire 22. The heating wire 22 is heated up by
electrifying with the crucible 21 being heated, and the
material in the crucible 21 would be evaporated when
certain temperature is reached.

The apparatus 20 further includes a measuring unit 30 for
measuring the position of the liquid level of the material in
the crucible and a controller. The measuring unit 30 may
include a gravity sensor located beneath the crucible or a
Cygnus system.

According to the present disclosure, the heating wire 22
includes at least two subsections arranged along the longi-
tudinal direction, and the controller can control the heating
power of each subsection respectively, thus dividing the
crucible 21 into at least two corresponding temperature
control zones 26.

In a preferred example, as shown in FIG. 3, the coils of
the heating wire 22 are uniformly distributed in the longi-
tudinal direction of the apparatus 20. In this case, the
controller can be conveniently provided with corresponding
controlling programs, thus avoiding possible program bugs.

With reference to FIG. 2, a metal covering member 25 is
arranged at a first end (the upper end shown in the figure) of
the metal barrel 23 to prevent heat loss, and a metal layer or
a heat insulating layer 24 is arranged at a second end (the
lower end shown in the figure) of the metal barrel 23 to
prevent heat loss.

In the apparatus 20 according to the present disclosure,
the crucible 21 may be cylindrical in shape, and the diameter
of the crucible 21 can be less than 10 cm. In this way, it is
intended to avoid affecting the transverse heat transfer of the
material. If the crucible 21 is excessively thick, the tem-
perature of the material close to the wall of the crucible 21
would be higher, and the temperature of the material away
from the wall of the crucible 21 would be lower, which
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would cause non-uniform melting. Therefore, the diameter
of the crucible 21 is preferably less than 10 cm.

The present disclosure also proposes a crucible heating
method, including the following steps:

Step 1, providing the crucible heating apparatus 20
according to the present disclosure.

Step 2, placing the material to be evaporated into the
crucible 21.

Step 3, setting the initial heating powers of different
subsections of the heating wire 22 respectively.

Step 4, evaporating the material and monitoring the
position of the liquid level of the material in the crucible 21
through a measuring unit.

The specific manner for monitoring the position of the
liquid level of the material may provide a gravity sensor
arranged below the crucible, so that the loss of the material
can be monitored through the gravity sensor and thus the
position of the liquid level can be acquired.

The evaporation rate, evaporation time and evaporation
range may be further processed through a Cygnus system to
obtain the quantity of the evaporated material, thus the
position of the liquid level is acquired.

Step 5, adjusting the heating powers of the different
subsections of the heating wire 22 according to the position
of the liquid level of the material till the material is evapo-
rated to a desired degree.

In step 5, the specific adjusting method may include a fine
control method, namely, the heating wire 22 may be pro-
vided with more than ten subsections, each independent
subsection is controlled by a respective circuit, and the
temperature difference within a single temperature control
zone corresponding to each subsection is controlled within
2° C.

In step 5, the specific adjusting method may include a
gradient adjusting method, namely, the evaporation behavior
is monitored through the Cygnus system, the time period
required for the liquid level to decline by 10% is acquired,
and the heating powers of all the subsections of the heating
wire 22 are changed within the time period to adapt to the
decline of the liquid level. Thus, rate instability of an
evaporation source due to sudden change of power can be
prevented.

In step 5, the specific adjusting method may also include
apower finely adjusting method, namely, the heating powers
of some subsections of the heating wire 22 are adjusted
according to the current evaporation rate to ensure the
stability of the evaporation rate. If a rate control manner is
adopted for evaporation, the heating system is permitted to
finely adjust the subsections of the heating wire 22 corre-
sponding to a part of temperature control zones according to
the current evaporation rate, so as to ensure the stability of
the rate.

In step 5, the specific adjusting method may also include
a software control method, namely, the heating power of
each subsection of the heating wire 22 can be controlled
through software, and rising and falling adjustment is coor-
dinated through the software.

In a preferred example, the heating power of each sub-
section of the heating wire 22 is adjusted in the following
manner. It should be noted that the following percentage
designates the volume percent of the quantity of the material
to the volume of the crucible:

when the surplus of the material is between 90% and
100%, the position below 70% of the crucible is heated,
wherein the bottom of the crucible is heated to the melting
point of the material, the position of 70% is heated to the
evaporation start point of the material, the temperature of the
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position between the bottom of the crucible and the position
of 70% successively rises from bottom to top, and the
temperature control zone of the position between 70% and
100% is kept in a state that the temperature successively
rises from bottom to top and the temperature difference does
not exceed 15° C.;

when the surplus of the material is between 80% and 90%,
the position below 60% of the crucible is heated, wherein the
bottom of the crucible is heated to the melting point of the
material, the position of 60% is heated to the evaporation
start point of the material, the temperature of the position
between the bottom of the crucible and the position of 60%
successively rises from bottom to top, the temperature
control zone of the position between 60% and 90% is kept
in a state that the temperature successively rises from bottom
to top and the temperature difference does not exceed 15° C.,
and the temperature of the position above 90% equals to that
of the position of 90%;

when the surplus of the material is between 70% and 80%,
the position below 50% of the crucible is heated, wherein the
bottom of the crucible is heated to the melting point of the
material, the position of 50% is heated to the evaporation
start point of the material, the temperature of the position
between the bottom of the crucible and the position of 50%
successively rises from bottom to top, the temperature
control zone of the position between 50% and 80% is kept
in a state that the temperature successively rises from bottom
to top and the temperature difference does not exceed 15° C.,
and the temperature of the position above 80% equals to that
of the position of 80%;

when the surplus of the material is between 60% and 70%,
the position below 40% of the crucible is heated, wherein the
bottom of the crucible is heated to the melting point of the
material, the position of 40% is heated to the evaporation
start point of the material, the temperature of the position
between the bottom of the crucible and the position of 40%
successively rises from bottom to top, the temperature
control zone of the position between 40% and 70% is kept
in a state that the temperature successively rises from bottom
to top and the temperature difference does not exceed 15° C.,
and the temperature of the position above 70% equals to that
of the position of 70%;

when the surplus of the material is between 50% and 60%,
the position below 30% of the crucible is heated, wherein the
bottom of the crucible is heated to the melting point of the
material, the position of 30% is heated to the evaporation
start point of the material, the temperature of the position
between the bottom of the crucible and the position of 30%
successively rises from bottom to top, the temperature
control zone of the position between 30% and 60% is kept
in a state that the temperature successively rises from bottom
to top and the temperature difference does not exceed 15° C.,
and the temperature of the position above 60% equals to that
of the position of 60%;

when the surplus of the material is between 40% and 50%,
the position below 20% of the crucible is heated, wherein the
bottom of the crucible is heated to the melting point of the
material, the position of 20% is heated to the evaporation
start point of the material, the temperature of the position
between the bottom of the crucible and the position of 20%
successively rises from bottom to top, the temperature
control zone of the position between 20% and 50% is kept
in a state that the temperature successively rises from bottom
to top and the temperature difference does not exceed 15° C.,
and the temperature of the position above 50% equals to that
of the position of 50%;
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when the surplus of the material is between 30% and 40%,
the position below 10% of the crucible is heated, wherein the
bottom of the crucible is heated to the melting point of the
material, the position of 10% is heated to the evaporation
start point of the material, the temperature of the position
between the bottom of the crucible and the position of 10%
successively rises from bottom to top, the temperature
control zone of the position between 10% and 40% is kept
in a state that the temperature successively rises from bottom
to top and the temperature difference does not exceed 15° C.,
and the temperature of the position above 40% equals to that
of the position of 40%;

when the surplus of the material is between 10% and 30%,
the bottom of the crucible is heated to the evaporation start
point of the material, wherein the temperature control zone
between the bottom of the crucible and the position of 30%
is kept in a state that the temperature successively rises from
bottom to top and the temperature difference does not exceed
15° C., and the temperature of the position above 30%
equals to that of the position of 30%.

Although the present disclosure has been described with
reference to the preferred examples, various modifications
could be made to the present disclosure without departing
from the scope of the present disclosure and components in
the present disclosure could be substituted by equivalents.
The present disclosure is not limited to the specific examples
disclosed in the description, but includes all technical solu-
tions falling into the scope of the claims.

The invention claimed is:
1. A crucible heating apparatus, including a crucible, a
metal barrel placed around the crucible, a heating wire
wound between the metal barrel and the crucible, a mea-
suring unit for measuring the position of the liquid level of
a material in the crucible, and a controller,
wherein the heating wire includes at least two subsections
arranged along the longitudinal direction, and the con-
troller controls a heating power of each subsection
respectively, thus dividing the crucible into at least two
corresponding temperature control zones,
the controller is configured so that
when a surplus of the material is between 90% and 100%,
the position below 70% of the crucible is heated,
wherein a bottom of the crucible is heated to a melting
point of the material, the position of 70% is heated to
an evaporation start point of the material, the tempera-
ture of the position between the bottom of the crucible
and the position of 70% successively rises from bottom
to top, and the temperature control zone of the position
between 70% and 100% is kept in a state that the
temperature successively rises from bottom to top and
the temperature difference does not exceed 15° C.;

when the surplus of the material is between X % and
(X+10)%, the position below (X-20)% of the crucible
is heated, wherein the bottom of the crucible is heated
to the melting point of the material, the position of
(X-20)% is heated to the evaporation start point of the
material, the temperature of the position between the
bottom of the crucible and the position of (X-20)%
successively rises from bottom to top, the temperature
control zone of the position between (X-20)% and
(X+10)% 1is kept in a state that the temperature suc-
cessively rises from bottom to top and the temperature
difference does not exceed 15° C., and the temperature
of the position above (X+10)% equals to that of the
position of (X+10)%, and wherein X is 30, 40, 50, 60,
70 and 80 respectively;
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when the surplus of the material is between 10% and 30%,
the bottom of the crucible is heated to the evaporation
start point of the material, wherein the temperature
control zone between the bottom of the crucible and the
position of 30% is kept in a state that the temperature
successively rises from bottom to top and the tempera-
ture difference does not exceed 15° C., and the tem-
perature of the position above 30% equals to that of the
position of 30%, and

wherein the above percentage designates the volume
percent of the quantity of the material to the volume of
the crucible.

2. The heating apparatus according to claim 1, wherein
coils of the heating wire are uniformly distributed in the
longitudinal direction.

3. The heating apparatus according to claim 1, wherein a
metal covering member is arranged at a first end of the metal
barrel, and a metal layer or a heat insulating layer is arranged
at an opposite, second end of the metal barrel.

4. The heating apparatus according to claim 1, wherein the
crucible is cylindrical in shape, and the diameter of the
crucible is less than 10 cm.

5. A crucible heating method, including the following
steps:

(a) providing a crucible heating apparatus, including a
crucible, a metal barrel placed around the crucible, a
heating wire wound between the metal barrel and the
crucible, a measuring unit for measuring the position of
the liquid level of a material in the crucible, and a
controller, wherein the heating wire includes at least
two subsections arranged along the longitudinal direc-
tion, and the controller controls a heating power of each
subsection respectively, thus dividing the crucible into
at least two corresponding temperature control zones;

(b) placing the material to be evaporated into the crucible;

(c) setting an initial heating powers of different subsec-
tions of the heating wire respectively;

(d) evaporating the material and monitoring the position
of'the liquid level of the material in the crucible through
the measuring unit; and

(e) adjusting the heating powers of the different subsec-
tions of the heating wire according to the position of the
liquid level of the material, till the material is evapo-
rated to a desired degree,

wherein the following adjustment is performed in step (e):

when a surplus of the material is between 90% and 100%,
the position below 70% of the crucible is heated,
wherein a bottom of the crucible is heated to a melting
point of the material, the position of 70% is heated to
an evaporation start point of the material, the tempera-
ture of the position between the bottom of the crucible
and the position of 70% successively rises from bottom
to top, and the temperature control zone of the position
between 70% and 100% is kept in a state that the
temperature successively rises from bottom to top and
the temperature difference does not exceed 15° C.;

when the surplus of the material is between X % and
(X+10)%, the position below (X-20)% of the crucible
is heated, wherein the bottom of the crucible is heated
to the melting point of the material, the position of
(X-20)% is heated to the evaporation start point of the
material, the temperature of the position between the
bottom of the crucible and the position of (X-20)%
successively rises from bottom to top, the temperature
control zone of the position between (X-20)% and
(X+10)% 1is kept in a state that the temperature suc-
cessively rises from bottom to top and the temperature
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difference does not exceed 15° C., and the temperature
of the position above (X+10)% equals to that of the
position of (X+10)%, and wherein X is 30, 40, 50, 60,
70 and 80 respectively;

when the surplus of the material is between 10% and 30%,
the bottom of the crucible is heated to the evaporation
start point of the material, wherein the temperature
control zone between the bottom of the crucible and the
position of 30% is kept in a state that the temperature
successively rises from bottom to top and the tempera-
ture difference does not exceed 15° C., and the tem-
perature of the position above 30% equals to that of the
position of 30%, and

wherein the above percentage designates the volume
percent of the quantity of the material to the volume of
the crucible.

6. The method according to claim 5, wherein the heating
wire is provided with more than ten subsections, and the
temperature difference within a single temperature control
zone corresponding to each subsection is controlled within
2° C.

7. The method according to claim 5, wherein the heating
powers of some subsections of the heating wire are adjusted
according to the current evaporation rate to ensure the
stability of the evaporation rate.

8. A crucible heating method, including the following
steps:

(a) providing the crucible heating apparatus, including a
crucible, a metal barrel placed around the crucible, a
heating wire wound between the metal barrel and the
crucible, a measuring unit for measuring the position of
the liquid level of a material in the crucible, and a
controller, wherein the heating wire includes at least
two subsections arranged along the longitudinal direc-
tion, and the controller controls a heating power of each
subsection respectively, thus dividing the crucible into
at least two corresponding temperature control zones,

wherein coils of the heating wire are uniformly distributed
in the longitudinal direction;

(b) placing the material to be evaporated into the crucible;

(c) setting an initial heating powers of different subsec-
tions of the heating wire respectively;

(d) evaporating the material and monitoring the position
of the liquid level of the material in the crucible through
the measuring unit; and

(e) adjusting the heating powers of the different subsec-
tions of the heating wire according to the position of the
liquid level of the material, till the material is evapo-
rated to a desired degree,

wherein the following adjustment is performed in step (e):

when a surplus of the material is between 90% and 100%,
the position below 70% of the crucible is heated,
wherein a bottom of the crucible is heated to a melting
point of the material, the position of 70% is heated to
an evaporation start point of the material, the tempera-
ture of the position between the bottom of the crucible
and the position of 70% successively rises from bottom
to top, and the temperature control zone of the position
between 70% and 100% is kept in a state that the
temperature successively rises from bottom to top and
the temperature difference does not exceed 15° C.;

when the surplus of the material is between X % and
(X+10)%, the position below (X-20)% of the crucible
is heated, wherein the bottom of the crucible is heated
to the melting point of the material, the position of
(X-20)% is heated to the evaporation start point of the
material, the temperature of the position between the
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bottom of the crucible and the position of (X-20)%
successively rises from bottom to top, the temperature
control zone of the position between (X-20)% and
(X+10)% 1is kept in a state that the temperature suc-
cessively rises from bottom to top and the temperature 5
difference does not exceed 15° C., and the temperature
of the position above (X+10)% equals to that of the
position of (X+10)%, and wherein X is 30, 40, 50, 60,
70 and 80 respectively;

when the surplus of the material is between 10% and 30%, 10
the bottom of the crucible is heated to the evaporation
start point of the material, wherein the temperature
control zone between the bottom of the crucible and the
position of 30% is kept in a state that the temperature
successively rises from bottom to top and the tempera- 15
ture difference does not exceed 15° C., and the tem-
perature of the position above 30% equals to that of the
position of 30%, and

wherein the above percentage designates the volume

percent of the quantity of the material to the volume of 20
the crucible.

9. The method according to claim 8, wherein the heating
wire is provided with more than ten subsections, and the
temperature difference within a single temperature control
zone corresponding to each subsection is controlled within 25
2° C.

10. The method according to claim 8, wherein the heating
powers of some subsections of the heating wire are adjusted
according to the current evaporation rate to ensure the
stability of the evaporation rate. 30
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